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$d(=2,3)$ , . xl – , x2
. \Gamma b . \Omega \Gamma \Gamma b F
, $\Gamma_{c}$ , \Gamma iy \Gamma ’ \Gamma w
. \Gamma ,
$u=g$
. $\Gamma_{bb}$ , \Gamma \Gamma w , , , $g=0$ .
$u,p$ , . $u,p$
$\rho(u\cdot\nabla)u-\mu\Delta u+\nabla p=f$ ,
$\nabla\cdot u=0$
. , $f$ , $\mu,\rho$ , , .
$V(g)=\{v\in(H^{1}((\Omega))^{d};v|_{\Gamma}=g\},$ $V=V(0)$ ,
$Q= \{q\in L^{2}((\Omega);\int_{\Omega}qdx=0\}$
. $(u,p)$ : $(u,p)\in V(g)\mathrm{x}Q$
$a(u, v)+a_{1}(u, u, v)+b(v,p)+b(u, q)=(f, v)$ , $\forall(v, q)\in V\cross Q$ (1)
, . ,
$a(u, v)=2 \mu\int_{\Omega}\sum_{i,j=1}D_{i}j(u)D_{ij}(v)ddx$ , $D_{ij}(v)= \frac{1}{2}(\frac{\partial v_{i}}{\partial x_{j}}+\frac{\partial v_{j}}{\partial x_{i}})$ , (2)
$a_{1}(w,u, v)= \frac{\rho}{2}\int_{\Omega}\sum_{i,j=1}^{d}(wi\frac{\partial u_{j}}{\partial x_{i}}v_{j}-w_{i^{\frac{\partial v_{j}}{\partial x_{i}}u)}}jdx$ ,
$b(v, q)=- \int_{\Omega}q\mathrm{d}\mathrm{i}\mathrm{v}vdx$ ,
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$(f,v)= \int_{\Omega}f\cdot vdx$
. , \Gamma b $D$ ,
$D=- \int_{\Gamma_{b}}\sum_{j=1}d\sigma_{1}j(u,p)n_{j}d\gamma$, $L=- \int_{\Gamma_{b}}\sum_{j=1}^{d}\sigma_{2j}(u,p)njd\gamma$ (3)
. , $n$ ( ) , $\sigma$
$\sigma_{ij}(u,p)=-p\delta ij+2\mu Dij(u)$
. , Gauss-Green , [1],
.
Crouzeix-Raviart [2] – , .
1. (2) – $a$ , – ( )
. , $a$ –
$a^{*}(u, v)= \mu\int_{\Omega}\sum_{i=1}^{d}\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}u_{i}\cdot \mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}v_{i}dx$
. , $D,$ $L$ .
2. $a_{1}$ , $D,$ $L$ .
3. , (Larson, M. G. [3]) ,
.








. $(u,p)$ (1) $\sim$ . , (3) $D,$ $L$
$D=-\{a(u, w^{D})+a_{1}(u,u, w^{D})+b(w^{D},p)-(f, w^{D})\}$, (5)
$L=-\{a(u, w^{L})+a_{1}(u, u, w^{L})+b(w^{L},p)-(f, w^{L})\}$ (6)
. , $a$ $a^{*}$ , $a_{1}$
$a_{1}^{*}(w,u, v)=\rho((w\cdot\nabla)u, v)$
, (5), (6) .
115
3
\Omega , $h$ . $V_{h}(g)$ ,
$V_{h},$ $Q_{h}$ , , $V(g),$ $V,$ $Q$ – . (1)
, $(u_{h},p_{h})\in V_{h}(g)\mathrm{x}Q_{h}$
$a_{h}^{*}(u_{h,h}v)+a_{1h}(u_{h}, u_{h,h}v)+b_{h}(v_{h},p_{h})+b_{h}(u_{h}, qh)=(f, v_{h})$ , $\forall(v_{h}, q_{h})\in V_{h}\cross Q_{h}$ (7)
. , $a_{h}^{*},$ $a_{1h}$ , $b_{h}$ ,
.
$D_{h}$ , $L_{h}$
$D_{h}=-\{.a_{h}^{*}.(u_{h}, w^{D})h+a_{1h}(uh, uh, w^{D})h+bh(wh’ pDh)-(f, w^{D}h)\}$ , (8)
$L_{h}=-\{a_{h}^{*}(u_{h,h}w)L+a_{1h}(u_{h}, u_{h}, w_{h}^{L})+b_{h}(w_{h}^{L},ph)-(f, w_{h}^{L})\}$ (9)
. , $(u_{h},p_{h})$ (7) , $w_{h}^{D},$ $w_{h}^{L}$ –
$w_{hi}^{D}(P)=\{\delta_{i1}0$ $(P\in\Gamma_{c}(P\in\Gamma b))$
’ $w_{hi}^{L}(P)=$














, , (5), (6) wD, $w^{L}$ ,
. , $(\phi,r)$ [3]
$- \mu\triangle\phi_{i^{-}}\rho(u\cdot\nabla)\phi_{i}+\frac{\rho}{2}(\theta(i\rangle. \emptyset-u_{h}\cdot.\frac{\partial\phi}{\partial x_{i}})+\frac{\partial r}{\partial x_{i}}$ $=$ $0$ $(i=1, \ldots, d)$ ,
$\nabla\cdot\phi=$ $0$
– \mbox{\boldmath $\phi$} . , \mbox{\boldmath $\phi$} (4) ,
$\theta^{(i)}=\sum_{K}\frac{\partial u_{h}}{\partial x_{i}}(K)\chi_{K}$ .
. $\chi_{K}$ K . $u_{h}$ , \mbox{\boldmath $\phi$}
$H^{2}(\Omega)^{d}$ .
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